Abstract. Interferon regulatory factor-1 (IRF-1), human X-box binding protein-1 (hXBP-1), nuclear factor kappa B p65 (NFκB p65) and nucleophosmin (NPM) have been implicated in a signaling network of endocrine responsiveness. Expression of these proteins was measured by immunohistochemistry in tissue microarrays of 54 breast tumors. Correlations between each protein and established prognostic markers were assessed by Spearman's rank order correlation coefficient and partial correlation coefficient analyses. Moderate/strong staining is seen for hXBP-1 (79% of tumors) and NFκB p65 (57%). NPM exhibits nuclear staining (95%); IRF-1 exhibits both cytosolic (IRF-1c; 90%) and nuclear staining (IRF-1n; 51%). IRF-1c is associated with age (p=0.034); IRF-1n and PgR expression are correlated (p=0.014). NFκB p65 shows a borderline association with S phase (p=0.062). Coexpression of IRF-1c and hXBP1 (p=0.001), , and hXBP-1 and NFκB (p=0.018) is observed. An inverse correlation exists between IRF-1n and NFκB (p=0.034). All four proteins are detected in breast tumors and their expression patterns support their role(s) in a key signaling network.
Introduction
Endocrine therapy, usually either the antiestrogen, Tamoxifen (TAM), ovariectomy or more recently an aromatase inhibitor or one of the newer selective estrogen receptor modulators (SERM) or 'pure' antiestrogens, is an effective means to manage hormone-dependent breast cancer (1) (2) (3) . An understanding of the mechanisms of resistance to endocrine therapies could identify better ways to predict responsiveness. We have previously hypothesized that endocrine responsiveness is affected by a complex gene network, rather than the activity of only one or two genes or signaling pathways (4) (5) (6) . To identify the key components of such a network, we first derived variants of the MCF-7 human breast cancer cell line with different estrogen (7, 8) and antiestrogen response profiles (9, 10) . Initial transcriptome and proteome analyses of these variants implicate several genes in endocrine resistance, including interferon regulatory factor-1 (IRF-1) (11, 12) , nuclear factor kappa B p65 (NFκB) (11, 13) , human X-Box binding protein-1 (hXBP-1) (11) and nucleophosmin (NPM) (14, 15) , which appear to function as part of a broader gene expression network (Fig. 1) .
In the proposed network, NPM is predicted to inhibit IRF-1 activity, which reduces the ability of IRF-1 to activate apoptosis, most likely through inducing a caspase cascade. Inhibition of IRF-1 activity also may eventually contribute to increased activity of the survival factor NFκB (Fig 1) . Increased NFκB may, in turn, induce a second survival factor, hXBP-1 (16) . Evidence from experimental models has begun to show the likely functional relevance of the altered IRF-1 (12), NFκB (11, 13, 17) , and hXBP-1 activities (Gomez BP, et al, Proc Am Assoc Cancer Res, abs. 3498, 2004) in affecting endocrine responsiveness. Studies to identify other members of this network and their interrelationships are currently in progress. The known functions of the key components of the network are described below.
IRF-1 is a transcription factor that exhibits tumor suppressor activities in several cancers (18, 19) . In breast cancer cells, IRF-1 signaling can reduce both the rate of cell proliferation and the incidence of human breast cancer xenografts in athymic nude mice (Bouker KB, et al, Carcinogenesis, In press). We have shown that a dominant negative IRF-1 blocks antiestrogen-induced apoptosis in sensitive breast cancer cells and reduces their antiestrogen sensitivity (12); a similar role for IRF-1 has been recently reported in normal mammary cells (20) . These activities of IRF-1 are probably mediated through its proapoptotic effects, which can occur in a p53-dependent or -independent manner (21, 22) and involve its ability to induce a caspase cascade that includes caspase-1 (20, 22) , caspases-3/7 (20, 23) , caspase-8 (24) and/or Fas ligand (25) . Caspases are known to affect antiestrogen responsiveness (26) . Lower levels of IRF-1 protein have been reported in high-grade ductal carcinoma in situ or invasive ductal carcinoma of the breast when compared with adjacent normal breast epithelium (27) .
The NFκB p50/p65 heterodimer complex comprises two homologous proteins encoded by different genes; the p105 precursor of p50 (NFκB1) is on chromosome 4, while the p65 (RelA) gene is on chromosome 11. The predominant form in human breast cancer cell lines is NFκB (p50/p65); another member of the family (p52) is also expressed in some breast cancers (28) . NFκB (p50/p65) is implicated in several critical cellular functions including cell survival (29) ; these functions are often cell context specific (30) . We have shown differential expression and activation of NFκB expression with both acquired antiestrogen resistance (11) and estrogen independence in breast cancer cells (13) . Other studies also show increased expression of NFκB in endocrine-resistant breast cancer cell lines (31, 32) . We have begun to establish the functional relevance of these observations. For example, estrogen-independent cells significantly up-regulate NFκB; when its inhibitor IκB· is overexpressed in these cells their xenografts regress upon estrogen withdrawal (13) . Antiestrogen-resistant cells are more sensitive to growth inhibition by parthenolide, a small molecule inhibitor of NFκB, than their antiestrogen sensitive parental cells (11) . Furthermore, parthenolide can reverse the antiestrogen resistance phenotype and synergistically interact with antiestrogens in vitro (17) .
As a member of the ATF/CREB transcription factor family that activate promoters containing specific cyclic AMP responsive elements (CRE) (33) , hXBP-1 regulates the expression of several tissue-specific genes, including tissue inhibitor of metalloproteinases, osteopontin and osteocalcin (34) . Potentially downstream of NFκB activation in some cells (35) , hXBP-1 is associated with increased proliferation and reduced apoptosis (16) , which implies a survival function. Changes in cAMP concentrations and CRE activation have been widely implicated in carcinogenesis and endocrine signaling, including affecting signaling from ER· and PgR (36) . While the role of hXBP-1 in the normal/neoplastic breast has not been studied in detail, hXBP-1 is part of a cluster of genes associated with some ER·-positive breast tumors (37, 38) and a recent study suggests it may be expressed in breast cancer cells (39) . We have previously implicated increased expression of hXBP-1 in acquired antiestrogen resistance (11) . More recently, we have shown the ability of hXBP-1 to induce an estrogen-independent phenotype and to confer antiestrogen resistance (unpublished data).
The oncogenic nucleolar phosphoprotein, NPM, is a DNAbinding protein (40) that inhibits the ability of the YY1 (41) and IRF-1 transcription factors to regulate gene expression (42) . NPM also serves as a substrate for several important serine-threonine kinases, including protein kinase C (43), p34 cdc2 kinase (44, 45) and casein kinase II (46) . Insulin, which is a major mitogen for breast cancer cells, also increases NPM phosphorylation (45) . Overexpression of NPM is sufficient to transform NIH/3T3 fibroblasts (47) , and chromosomal translocations fusing NPM to either an anaplastic lymphoma kinase (48) or the retinoic acid receptor-· (49) have been reported in some cancers. We have shown that NPM is induced by estradiol (14) and expressed at higher levels in estrogenindependent breast cancer cells (11); a putative estrogen responsive element in the NPM promoter has now been recently described (50) . In breast cancer patients, autoantibodies to NPM are lower in patients treated with the antiestrogen Tamoxifen and increase six months prior to recurrence (15) . Of particular relevance is the reduced expression of IRF-1 and concurrent increased expression of NPM, an endogenous IRF-1 inhibitor, in antiestrogen-resistant breast cancer cells (11) .
We have now measured the expression of IRF-1, NFκB (p65), hXBP-1 and NPM in breast cancer specimens from women diagnosed at our institution. Using tissue microarrays and immunohistochemistry, we asked if these proteins could be detected in breast cancer, whether their expression might be correlated with other known prognostic markers, and whether the four proteins are expressed in patterns consistent with their known functions and/or our putative gene expression network. We find several proteins to be either coexpressed or inversely expressed in patterns consistent with our network hypothesis.
Materials and methods
Tissue specimens. Tissue microarrays were constructed using fifty-four, untreated, primary breast cancer cases diagnosed . ↑, increased; ↓, decreased; ⊥, blocks; -•, reduced ability to affect target. The network component incorporates the known protein/protein interactions between NPM and IRF-1 (NPM binds to IRF-1 and inhibits IRF-1 activity) and the predicted regulation of hXBP-1 by NFκB. Down-regulation of IRF-1 activity would reduce the activity of IRF-1/NFκB heterodimers that are known to regulate the transcription of several genes implicated in breast cancer, such as RANTES, VCAM-1, and IL-6. Down-regulation of TNFR1 (tumor necrosis factor receptor 1) and its ligand, TNF· (tumor necrosis factor alpha), were previously described (11), signaling from this complex is a major inducer of IRF-1 transcription. A full description of this network component and its anticipated function can be found in ref. 6. between 1998 and 1999 from the breast cancer tumor bank at the Lombardi Comprehensive Cancer Center Histopathology Shared Resource at Georgetown University Medical Center. The cases were initially selected to determine the number of cores from a tumor needed to give the same estimation of ER· and PgR positivity as the entire section (51) . Hence, the proportion of steroid hormone receptor-positive specimens (81% ER·; 44% PgR) are higher than might be expected from a random sampling of breast cancer cases. While we cannot exclude the possibility of some selection bias in these cases, this selection should have identified cases most relevant to our initial hypothesis, implicating the proteins of interest in endocrine responsiveness (52) . Differentiation/nuclear grade (53), DNA index (54) and S Phase (55) were determined as previously described. The categories for each end-point in Table I were selected prior to data analysis and are consistent with other studies (56, 57) . All material and information was collected and used in accordance with approved Institutional Review Board protocols. Clinical-outcome data and additional prognostic marker data are not available for these cases; available data are shown in Table I .
Tissue microarrays. Tissue microarrays were constructed with a Beecher Instruments manual tissue arrayer (Beecher Instruments, Inc., Sun Prairie, WI) as previously described (58, 59) . The instrument punches holes in the recipient paraffin block and acquires tissue cores from the donor block. Briefly, a thin-walled needle with an inner diameter of 0.6 mm was held in an X-Y precision guide. The cylindrical sample was retrieved from the selected region in the donor block and extruded directly into the recipient block with defined array coordinates. A solid steel wire, which closely fits the tube, was then used to transfer the tissue cores into the recipient block. The transfer was made under direct visual control with a stereotactic microscope using an additional bright light source. This cycle was repeated to obtain the appropriate number of cores. An adhesive-coated tape system (Instrumedics, Inc., Hackensack, NJ) was then used to cut 5 μm sections of the tissue microarray block. The microtome knife cut underneath tape placed over the block surface. Thin tissue sections adhered to the tape, which was then rolled on an adhesive-coated microscope slide to transfer the section onto the slide. For this study, tissue microarrays were built with 480 cores from fifty-four breast carcinomas. Regions of invasive carcinoma were marked on each hematoxylin-and-eosin-stained slide. Ten cores were made from these areas of the paraffin block for 42 cases; for 12 additional cases, five cores were made. Thus, either 10 or 5 cores represented each tumor.
Antibodies and immunohistochemistry.
The following commercial antibodies were used: ER· (ER1D5, Immunotech) (60), erbB2 (CB11; Zymed, San Francisco, CA) (61), hXBP-1 (sc-7160; Santa Cruz); IRF-1 (sc-497; Santa Cruz) (27) , and NF·B p65 (sc-109; Santa Cruz) (28) . The NPM monoclonal antibody was kindly donated by Dr P-K Chan (46) . Tissue microarray sections were deparaffinized in two 5-min changes of xylene and rehydrated through graded alcohol to distilled water. Immunohistochemistry was performed by a standard biotin-streptavidin-horseradish peroxidase method (63, 64) . Briefly, microarrays were treated with 1% H 2 O 2 in methanol for 30 min to block endogenous peroxidase activity. Before applying the primary antibody, microarrays were boiled for antigen retrieval in 10 mM citrate buffer (pH 6.0) for a total 10 min. Microarrays were washed in phosphate-buffered saline containing 3% biotinylated goat antiserum to the appropriate IgG and 0.3% Triton X-100 (pH 7.4) for 30 min. Subsequently, tissue microarrays were incubated with the primary antibody at a 1:500 dilution (or as appropriate for the antibody) in PBS for 48 h at 4˚C. After several washes, microarrays were treated with the appropriate secondary antibody (1:800; Vector Laboratories, Burlingame, CA) for 2 h, followed by a 1 h incubation with streptavidin-peroxidase conjugate (Vector Laboratories). Antigen-antibody complex was visualized by incubation with the VIP Kit (DAB Kit; Vector Laboratories). Finally, microarrays were counterstained with either methyl green or hematoxylin, mounted and examined. All immunostaining was first optimized in single tissue slides. Negative controls were obtained using a standard method where microarrays are processed as described above but without incubation with the appropriate primary antibody.
Data analysis. The level of specific immunostaining, as determined relative to negative controls, was measured as an ordinal variable according to the nominal scale 0, 1+, 2+, 3+; where 0 is undetectable, 1+ refers to weak (barely perceptible) staining, 2+ to moderate staining, and 3+ to strong staining. Table I . Patient/tumor characteristics. 
For nuclear staining, the scale applied was 1 = 0-25% of nuclei with detectable staining, 2 = 26-50%, 3 = 51-75%, 4 = ≥76%. The average score for all cores representing a tumor was used for data analysis. The relationships among staining values for each protein were compared using Spearman's rank order correlation coefficient analysis. All statistical tests are twosided. We considered comparisons where p<0.05 to be statistically significant; estimates of p≥0.05 and p≤0.10 were considered to indicate borderline statistical significance and potential biological relevance; comparisons where p>0.10 were considered to be insignificant.
Pairwise correlation analyses could not account for the possibility that the associations of IRF-1n or IRF-1c may confound each other, since the expression of these two IRF measures may be correlated. To address this issue, we applied a novel use of partial correlation coefficient analysis, the partial correlations being calculated as shown in Eq 1:
Where r xy.z = the correlation coefficient between x and y while controlling for the correlations between x and z and between y and z.
Partial correlations are most widely applied in the analysis of small signaling networks of 3-5 variables, and allow an estimate of the correlation between two variables while controlling for a third, fourth and/or fifth. Since we make functional assessments based upon cellular location, the use of partial correlations appears reasonable in the context of IRF-1n and IRF-1c. For the correlations between IRF-1c or IRF-1n and age, ER, PgR, NFκB and hXBP-1 the partial correlations were calculated with either IRF-1c or IRF-1n as the controlling variable.
Results

ER· and PgR expression.
Measurements of ER· and PgR expression are the most widely used predictive factors in directing breast cancer therapy. The specimens in this study were originally selected to study ER· and PgR expression (51) and these two proteins are coexpressed in a substantial proportion of breast cancers. The expression of ER· (81%) and PgR (44%) using our criteria (Table II) , and their significant coexpression in the tumors used in this study (Table V; p<0.001) implies that the samples are likely to be broadly representative of ER·-positive breast cancers and appropriate for exploring protein expression patterns in cases likely to be selected for endocrine therapy.
IRF-1 expression. As a putative tumor suppressor, we might expect activated IRF-1 protein to be in the nucleus (IRF-1n) and inactive protein to be in the cytosol (IRF-1c). Whether these relationships are true for the IRF-1 signals we have measured is not known but we might expect the inactive form to predominate. In this context, and consistent with its putative tumor suppressor activities, the primary form of IRF-1 in breast tumors in this study appears to be IRF-1c ( Fig. 2A) . Of the tumors, 90% express detectable (1+ and higher) IRF-1c in their neoplastic cells, almost half of which have 3+ IRF-1 staining in the cytosol. In contrast, only 51% of the tumors in our study express detectable IRF-1n in >50% of the tumor cells and no tumors express IRF-1n in >75% of cells (Tables II and III) . While 98% of the specimens express both detectable IRF-1c and IRF-1n, only 2% express IRF-1c alone and none express only IRF-1n. The inverse relationship between IRF-1n and IRF-1c (p=0.088), while of borderline statistical significance, suggests that some breast tumors may differentially regulate the activation state of IRF-1 (Table V) . This potential correlation raises the possibility that some associations implicating IRF-1c or IRF-1n may be confounded by the effect of the other. Our observations also are broadly consistent with a study reporting higher levels of IRF-1 protein in adjacent normal breast epithelium when compared with high-grade ductal carcinoma in situ or lymph node-positive invasive ductal carcinoma of the breast (27) .
NFκB expression. We measured NFκB p65 expression, which is the predominant form of NFκB in human breast cancer cells (28) and the form associated with both estrogen independence (13) and acquired antiestrogen resistance (11) . While active in breast cancer cell lines, NFκB p65 has been reported as being cytosolic (potentially inactive) whereas NFκB p50 has been reported to be primarily nuclear (active) in a prior study of n=17 breast tumors (28) . While the pattern of NFκB p65 staining is broadly consistent with this observation in many of our breast tumors (Fig. 2C) , we found 57% of the tumors to express detectable (2+ or stronger) NFκB in their neoplastic cells (Table II) .
hXBP-1 expression. Increased expression of hXBP-1, a nuclear transcription factor that activates cyclic AMP responsive elements (33) , is associated with some forms of acquired antiestrogen resistance (11) . hXBP-1 expression is detected in 79% of the breast tumors in this study (Table II) , with the strongest staining seen in the cytosol (Fig. 2E) . This observation Table II . Immunohistochemical staining scores of five proteins detected in the cytosol. 
-------------------------------------------------
Score ER· PgR NFκB b IRF-1c hXBP-1 ------------------------------------------------- 0
------------------------------------------------
a Values represent the number of cases in each category; scoring categories are described in Materials and methods.
b IRF-1c, IRF-1 cytoplasmic staining.
c Detected, proportion of cases with weak or stronger cytosolic staining.
-------------------------------------------------
is consistent with a small study of hXBP-1 expression in primary breast cancers (n=11) and breast cancer cell lines (n=5). In this recent study, expression was detected in all tumors and cell lines studied but hXBP-1 was almost undetectable in non-cancerous breast tissue (33) .
NPM expression. NPM is a nucleolar phosphoprotein that is induced by estradiol (14) and expressed at higher levels in breast cancer cells with acquired antiestrogen resistance (11) . In breast cancer patients, autoantibodies to NPM increase six months prior to recurrence and are lower in patients treated with TAM (15) . Consistent with its nucleolar localization in cell culture, NPM staining is strongly nuclear in breast tumors (Fig. 2G) . Of the breast cancers in this study, 95% express NPM in >50% of their neoplastic cell nuclei, the majority expressing NPM in >75% of their cells (Table II) .
Correlation among proteins and patient/tumor characteristics.
Several correlations among existing prognostic markers are known and are apparent in our data set (Table IV) . Both PgR-positive (p=0.03) and ER·-positive tumors (borderline) are associated with a greater degree of differentiation and better prognosis (65) . Borderline relationships between DNA index and both PgR-positivity and ER·-positivity (inverse correlation), and between NFκB and S phase (direct correlation) are also evident. A higher incidence of ER·-positive tumors is seen in older women (66) but our study was probably underpowered to detect this relationship. Nonetheless, the significant association between IRF-1c and age (Table IV; p=0.034) and the potential association between IRF-1c and ER· (p=0.079), may reflect the underlying relationship between ER· and age. We found no other associations among IRF-1, NFκB, hXBP-1 and NPM with either tumor grade, tumor size, DNA index, lymph node status, or S-phase fraction.
Correlation among protein expression patterns. Expression of several of the four proteins is correlated in breast tumors. Since our study is limited in size and power, we present those associations that reach conventional statistical significance and those where the association is of borderline statistical significance but of potential biological relevance. The data in Table V show coexpression of ER and IRF-1c (borderline), PgR and IRF-1n (p=0.014), IRF-1c and hXBP1 (p=0.001), IRF-1c and NFκB (p=0.002), and hXBP-1 and NFκB (0.018). Inverse correlations were seen between NPM and erbB2 (not shown; p=0.016), IRF-1n and NFκB (p=0.034), IRF-1n and IRF-1c (borderline), and IRF-1n and hXBP-1 (borderline). We estimated the partial correlations for each IRF-1n and IRF-1c correlation of interest; no effect is present when the sign and magnitude of the partial correlation coefficient is comparable to the original correlation coefficient. In each case, the partial coefficients were very similar to the original coefficients and shared the same sign. Hence, IRF-1c and IRF-1n are not antecedent, intervening, or suppressing variables 1  a 2  1  2  2 2  1  3  2 5  3  4  0  3 9  Total  49  44  c >50% 51%
Values represent the number of cases in each category; scoring categories are described in Materials and methods.
b IRF-1n, IRF-1 nuclear staining.
c >50%, proportion of cases where data are available that exhibit >50% of cell nuclei staining positive relative to the negative controls (NPM and IRF-1n are data for nuclear staining).
for the correlations indicated, they exhibit respectively with hXBP-1 or NFκB (Table V) .
Discussion
One approach to exploring the potential relevance of observations from experimental models is to determine whether similar relationships may also arise in tumors from patients. While not directly informative in a mechanistic sense, identification of expression patterns in tumors that reflect patterns seen in xenografts and cell cultures can support mechanistic observations in these models. Furthermore, such studies may identify candidate biomarkers for further investigation. We have explored the expression levels Table IV . Correlation among proteins and patient/tumor characteristics.
Values in parentheses are Spearman rank correlation coefficients. Comparisons where p<0.05 are statistically significant; estimates of p≥0.05 and p≤0.10 are considered of borderline statistical significance and of potential biological relevance; comparisons where p>0.10 were considered to be insignificant. -
and patterns of coexpression of a subset of four genes (IRF-1, NFκB p65, hXBP-1, NPM) implicated in endocrine resistance from our prior studies in experimental models (11) (12) (13) (14) .
Of the four genes we have previously implicated, IRF-1, NFκB and hXBP-1 are transcription factors and NPM is a DNA-binding nucleolar phosphoprotein. Knowledge of a signal's cellular localization can provide mechanistic insight and all four proteins would be expected to exhibit some degree of nuclear staining that could reflect active protein. For example, NFκB is maintained in the cytosol in an inactive state, complexed with members of the IκB family (67) . However, correctly identifying subcellular localization by immunohistochemistry can be confounded by fixation artifacts, leading to nuclear antigen redistribution during tissue processing. A fixation artifact is responsible for the apparent cytosolic localization of the NPM-anaplastic lymphoma kinase fusion antigen (68) but NPM staining is robust and primarily nuclear in our breast cancer specimens. In contrast, the activation state of hXBP-1 and NFκB (p65) is difficult to determine because the staining is primarily cytosolic and any weak nuclear staining was not sufficient for further analysis. In this study, we chose to focus on the localization of IRF-1, which exhibits readily detectable nuclear and cytosolic staining patterns that appear inversely correlated (borderline; p=0.088). Furthermore, these patterns of staining for IRF-1 also make biological sense when considered in the context of putative active (nuclear) and inactive (cytosolic) states (see below).
Since there are only very limited published data on the expression of IRF-1, NFκB, hXBP-1 and NPM in breast cancer, we first determined whether we could detect these proteins and estimate the extent to which they are expressed in this series of predominately ER+ breast tumors. All four proteins are detectable in the cases used in this study; NPM expression is detected in >25% of the neoplastic cells in almost all the breast cancers (95%). Consistent with recent reports, IRF-1 also is detected in breast tumors (90%) (27, 69) , as is hXBP-1 (79%) (39) . NFκB (p65) expression is the least frequently detected among the four proteins yet is detectable in 57% of the tumors. Thus, these four proteins are present in high proportions of breast cancer and are candidate biomarkers that merit further evaluation as both independent biomarkers and as a possible panel to be concurrently measured.
We have previously hypothesized that the proteins of interest are associated with affecting endocrine responsiveness (6, 11, 12) . Acquired antiestrogen resistance primarily occurs in tumors that continue to express sufficient levels of ER· to be considered ER·-positive. While the primary form of de novo endocrine resistance is the absence of both ER· and PgR, a significant proportion of de novo-resistant tumors also are ER·-positive (52) . The functional importance of continued receptor expression in either acquired or de novo endocrine resistance is unclear, but we might expect to find some of our network members to be coexpressed in the breast tumors used in this study (6) .
A significant positive association between IRF-1n and PgR (p=0.014) and a borderline positive association between ER· and IRF-1c (p=0.079) are evident. Those PgR-positive tumors that coexpress IRF-1n may have a better prognosis and/or a better response to antiestrogens. For example, we have recently shown that the ability of the steroidal antiestrogen ICI 182,780 (Faslodex; Fulvestrant) to signal apoptosis is mechanistically related to its ability to regulate IRF-1 expression and function in breast cancer cells (12) .
We could not confirm coexpression of ER· and hXBP-1 (p=0.244), an association predicted from hierarchical cluster analysis of cDNA expression microarray data from human breast tumors (37, 38) . Several explanations for this outcome are possible. The nature of the signals from gene expression microarrays that measure mRNA and tissue microarrays that measure protein are very different. It also is not clear how closely the levels of mRNA and protein are related for hXBP-1. Furthermore, some of the associations/relationships identified in gene expression microarray studies were found by simple hierarchical clustering and these may not be correct or complete. The use of these clustering methods to identify gene expression patterns from within the very high dimensional data spaces generated by gene expression microarrays has been seriously questioned (70, 71) .
hXBP-1 expression is positively correlated with IRF-1c expression (p=0.001) but inversely associated with IRF-1n (borderline; p=0.082). These observations suggest a balance between IRF-1's inhibitory activity and hXBP-1's mitogenic activity. For example, tumors where hXBP-1 activity predominates may have a poor prognosis and/or poor response to antiestrogens. Some antiestrogen-resistant cells exhibit down-regulated IRF-1 activation and up-regulated hXBP-1 activity (western; promoter-reporter data) (11, 12) .
Expression of hXBP-1 and NFκB (p65) are positively correlated (p=0.018). If we assume that NFκB is inactive because of its cytosolic location, the coexpression of hXBP-1 might compensate for any lack of NFκB in affecting cell survival since both are antiapoptotic. However, hXBP-1 expression appears to be downstream of NFκB, at least in plasma cell differentiation (35) , implying a potential induction of hXBP-1 by NFκB. If this occurs in breast cancer cells and NFκB is active, as suggested by the potential correlation between NFκB and S-phase (p=0.062), it may explain the coexpression of hXBP-1 and NFκB in Table V . We also cannot exclude the possibility that NFκB p50 and/or NFκB p52 expression are activated and may compensate for any loss of NFκB p65 activity (28) .
IRF-1 and NFκB proteins form heterodimers that can regulate gene expression and we might expect to find these coexpressed in the same tumors. We found a significant coexpression of NFκB and IRF-1c (p=0.002) and an inverse association between IRF-1n and NFκB (p=0.034). Where both proteins are primarily sequestered in the cytosol, the ability of IRF-1:NFκB heterodimers to regulate gene transcription could be inhibited. Several genes regulated by these heterodimers are implicated in breast cancer, including RANTES (regulated upon activation, normally T-Expressed and presumably secreted) (72), VCAM-1 (vascular cell adhesion molecule-1) (73) and IL-6 (interleukin-6) (74) . RANTES expression correlates with a poor prognosis in breast cancer (75) . VCAM-1 is involved in angiogenesis and metastasis in breast tumors (76) , and an autocrine production of IL-6 is associated with drug resistance in breast cancer cells (77) . The inverse relationship between IRF-1n and NFκB suggests that some tumors may have activated IRF-1 in the absence of active NFκB; such tumors may have a good prognosis and/or be sensitive to antiestrogens.
We obtained limited expression data for erbB2 (not shown). We detected a significant inverse association between erbB2 and NPM (p=0.016), suggesting that the oncogenic properties of NPM may be important in erbB2 non-overexpressing breast tumors, which represent the majority of breast cancer. No association was seen between erbB2 and either IRF-1, hXBP-1 or NFκB.
The present study represents the first analysis of the coexpression patterns of a subset of genes associated with acquired endocrine resistance in breast cancer cells. We could not adequately assess the activation state of each of the proteins and clinical-outcome data are not available in this data set. Despite these limitations, the data clearly show that all four proteins are detectable in a high proportion of the breast tumors used in this study. The data are consistent with a role for IRF-1, NFκB, hXBP-1 and NPM and their interactions in breast cancer, and are broadly supportive of the proposed component of a larger signaling network as outlined in Fig. 1 . Further analysis of the expression patterns of IRF-1, NFκB, hXBP-1 and NPM as potential biomarkers for further defining endocrine response profiles in some breast cancer patients is warranted.
